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In termolecular  Vibrational  Energy  Transfer  This  review  deals  with  colllslonal  activation-deactivation 


whether  between  reactant  molecules,  in  whatever 


understanding  of  unimolecular  reaction  systems  (and  past  decade.  Indeed,  this  method  has  recently  provided 


formulation  of  a cogent  rationale  of  thermal  experimentation.  its  next  encounter  with  a bath  molecule.  Step  (3)  represents 


above  formulation  contains  several  grossly  simplifying  limiting  expression  Is 


It  Is  evident  that  the  colllslonal  connection. 


Radiation  Theory  had  to  be  considered  as  unsupported  because.  Chain  theory  of  Christiansen  and  Kramers  (1923).^  ^ This 


studies,  including  N-O,,  and,  explicitly,  the  following  systems: 


total,  so  that  it  behaved  like  a small  molecule.  This  idea  of 


was  he  natter  of  the  functional  dependence  of  6C  on  the  hot  workers  for  the  (small)  differential  inert  gas  effect  due  to 

molec.ile  energy  level,  i,  and  on  the  bath  species,  M,  involved.  formation  of  product  species)  provided  a signal  advance  in 


advance  in  conceptual  understanding  of  thermal  energy  transfer 


systems.  However,  their  contributions  aroused  a disappointing  £.  Further  Experimental  and  Theoretical  Requirements 


kinetics  — systematic  chemical  and  mechanistic  error  — together 


to  be  a strong  collider,  at  least  at 


for  a given  set  of  transition  probabilities,  k -can  be  computed 


b(E')  P(E,E’)h(E')dE  dE 


is  the  equilibrium  populations  governed  by  the  Boltzmann 


The  rate  becomes  intramolecular  energy  transfer  to  predominantly 


in  question  (analogous  to  harmonic  oscillator  transition  probabili- 


high  probability  for  zero  energy  transfer).  Intermediate  energy  levels,  since  the  high  energy  levels  are  more  difficult 


Calculations  for  various  D values  have  been  carried 


The  behavior  of  YN(D)  as  a function  of  D is  shown  in  Figure 


determined,  since  each  parameter  has  a different  functional  depen-  and  the  compieteness  requirement.  TR  defined  their  collisional 


by  cognizance  of  the  differences  in  definition  of  <AE>  (case  0»O):  and/or  high  temperature),  0 has  the  temperature  dependence. 


as  defined  by  him  (called  0 ) goes 


III.  Comprehensive  Experimental  Tests  of  Collision  Efficiency 


experimental  tests  designed  to  bring  in  evidence 


with  the  parent  substrate  A,  generally  tend  to  increase  with 


i 


relative  collision  cross  sections  bl  was  constructed  and  related  series.  A mean  value  of  flo  per  CH. 


substrate.  Explanation  of  the  enhanced  efficiency  cited  is 


(D)  approaches  unity,  the  surfaces  become  more  shallow 


of  k/k— ; they  diverge  at  values  of  k/k^  > 0 (i.e.,  ♦ < 2),  for  all  of  COUrse,  the  significant  indicator  of  the  errors  that  can  arise 

D > 0.  The  detailed  shapes  of  these  curves  are  a function  of  E . when  comparisons  of  collisional  efficiency  are  made  on  other  than 


work  is  desirable;  Barton  and  Dove*'1  ^ have  described  some 


J 


since  these  higher  levels  have  a smaller  microscopic  rate  2 RT. 


Variation  of  Collisional  Efficiency  with  Degree  of  Fall  Off 


polated  from  the  calculated  curves  for  the  step  sizes  deduced  for 


helium,  are  shown  in  Figure  13.  The  two  curves  are  not  dis-  F.  Dependence  of  Collisional  Efficiency  on  Structural  Parameters 


1*4  3-5 

observed.  Volpe  and  Johnston  also  proposed  the 


gas  efficiency  has  been  made  in  the  methyl  isocyanide  isomeriza-  complex,  i.e.,  modes  that  correlate  with  rotation  and  relative 


tion:  I,  monatomics;  II,  diatomic  and  small  linear  molecules;  energy  density  of  cold  bath  molecules,  however,  it  is  plausible 

III,  nonlinear  polyatomics.  The  monatomics  include  the  widest  but  by  no  means  unequivocally  evident  from  the  various  comparis< 

139  147 

range  of  boiling  points  from  He  <4°K)  to  Hg  (630°K).  A limited  tests  that  these  authors  were  able  to  make,  that  only  the  lower 


of  noble  bath  gases.  No  complete  explanation  is  at  hand  for  the 


In  principle,  the  probabilities  can  be  calculated  from  a know-  Vibrational-vibrational  (V-V)  energy  transfer,  both  on 

ledge  of  the  intermolecular  and  intramolecular  potential  energy  inter-  and  intra-molecular  level  have  higher  probabilities 


decrease.  Two  distinct  classes  of  molecules  were  distinguished:  than  .f  the  collider  uere  inert.  Experiments  and  computer  calcula- 

those  which  contain  H atoms  have  a higher  probability  than  do  mole-  tions  for  diatomic  and  mo.iatolnic  have  been  interpreted.  The  impor- 

cules  which  do  not  contain  hydrogen  atoms.  This  distinction  between  tance  Qf  the  number  and  nature  of  accessible  electronic  states  was 

classes  may  be  due  to  rotational  effects  or  the  larger  vibrational  related  to  the  different  types  of  potential  energy  surfaces.  For 

amplitudes  associated  with  hydride  bonds.  normal  T-V  transfer  involving  a non-reactive  chaperone,  transfer 


cross  sections  were  found  to  be  proportional  to  the 


and  observed  probabilities,  was  found  to  be  independent  of  E* . This 


be  noted  that  the  methods  and  calculations!  pro- 


likely  (approaching  50%). 


levels  of  vibrational  excitation.  These  theories  may  not  with  results  that  cohere  with  conclusions  from  conventional 


collisional  efficiency  and  reduced  mass  and  was  taken  as  evidence 


is  siailar  to  that  described  previously  for  CO- , the  observations  C.  Photoactivation.  Photodecomposition  and  Fluorescence  Studies. 


ketene  from  the  excited  singlet  state  competes  with  colli- 
sional  deactivation  by  ground  state  molecules.  The  latter  w. 


at  2600  A were  further  extended  by 


qualitative  and  quantitative  nature  on  the  vibrational  deacti- 


Developments  in  laser  technology  and  high  speed  infrared  to  estimate  the  rotational  energy  transfer  in 


exhibits  a negative  temperature  dependence,  indicating  that  the  Polanyi  and  co-workers249  have  extended  the  infrared  chemi- 

collisional  V-V  energy  transfer  involves  the  attractive  part  of  luminescent  method  to  obtain  information  on  the  transfer  of  rota- 


The  quenching  of  the  infrared  emission  of  CO  has  also  been 


tronically  excited  NO^  have  been  made  as  a function  of  excitation 
wavelength.17*  Using  the  phase  shift  method,  the  amount  of  energy 


An  understanding  of  the  behavior  of  k . with  temperature 


Then 


at  SOO°K  and  3u  kcal  mole’*  at  4000°K.  Analogously 


position  of  CO^the  difference  between  the  high  and  low  pressure  an<*  any  deviation  with  temperature  of  weak  collider  behavior 

Arrhenius  activation  energy  ranges  from  1 to  20  kcal  mole-*  as  the  from  strong  collider  behavior  depends  only  on  the  exponential 

» 

temperature  increases  from  500°IC  to  l*000oK.  For  larger  reactants  factor.  From  the  calculations  of  TR,  8w(T)  was  found  to  be 

the  difference  is  increased.  For  example,  the  spread  in  activation  dependent  on  the  dimensionless  variable  E , on  falloff,  and  on 

energy  for  the  isomerization  of  methyl  isocy^nide  is  2 kcal  mole-1  dilution.  Both  e’  and  + depend  on  temperature  and  at  infinite 


dilution  the  factors  which  determine  the  temperature  dependence  For  a simple  step  ladder  (harmonic  oscillator),  <AE>  does 


then  be  extrapolated  to  a different  set  of  experi- 


257 

103  at  900°K.  Michael  also  obtained  the  rate  constant  for  decora 

The  first  method  has  been  used  by  Troe  in  interpreting  the 


with  s = 4.  The  Kiefer's  data  indicate  that  8n  is  independent 


that  an  intermediate  reaction  of  low  excitation  energy  was  temperatures  characterist ic  of  the  shock  work:  there  is  almost 


that  the  observed  rate  constants  and  their  temperature  variation  and  octane  *\.  0.05.  These  results  are  contrary  to  those  of  Troe's 

depend* on  fall  off  and  energy  transfer  probabilities.  The  data  seem  photochemical  studies  (vide  supra)  at  higher  energies.  Thus  far. 


Shaub  and  Bauer”7  have  shown  that  some  of  the  complications  competitive  channels.  Thermal  flow  systems  may  be  extended  in 

and  difficulties  of  interpretation  involved  in  the  reactions  of  their  ran*e  of  accurate  usefulness  down  to  reaction  times  of  the 


the  need  for  a knowledge  of  collision- 


corresponding  to  the  final  temperature.  Although  much  studied 


energy  transferred  per  collision;  and  <AE>, 


quasi-universal  plot)  and  both  have  similar  temperature  dependence: 
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Table  X.  (contd)  , page  2 


System 

Inert 

k/k_ 

D 

AT 

Remarks  or  Conclusions 

Ref 

CH^N?CH, 

products 

ip-2400 ;Ak/k_-4.J.  

products  sustain  ^unjl 

34 

irrelevant 

efficiency  equals  parent 

ch3n2ch3 

H2 

■v  0.2 

2-14 

— 

36 

0.19  with  dilution;  contrary 
co  expectation  from  later 
theory. 

C2H6 

~ 0.2 

0.4-2 

— 

0 varied  randomly  with  D 

o o 

from  0. 55-1.2 

46 

ch3n2cb3 

He 

Ak/k_  - 3 

5.10 

290,  310 

6 ^0.12  Independent  of  T 

o o 

47 

CH^NjCH, 

D2 

— 

290,  310 

8 - 0.66,  lndep.  of  T 

■ ^ 



6 - 0.19 

2 

! 

P 

CO 

{ 5,10 

— 

B - 0.12 
P 

C02 

- I 

1 

— 

B - 0.20 
P 

CH* 

) 

— 

B - 0.23 
P 

“2° 

— 

1 

~ 

B - 0.41 
P 

--c)"iVc3h; 

products 

— 

— 

products  sustain  k^^J 
efflc.  equals  parent 

1 

CH3N2NHCH3 

products 

— 

— 

— 

products  sustain  k^^; 
efflc.  equals  parent 

11 

Table  1.  (contd),  page  3 

System 

Inert 

k/k. 

D AT 

Remarks  or  Conclusions 

Ref 

ethylene 

«2 

— 



low  efficiency 

32 

oxide 

He.Ne.Ar.CO.COj. 

CVC2Bt*  C3*V 
‘-Vio  J 

— 



negative  effect  on  rate 

CJ  *Tmi 

B. 



1 

B % 0 

24 

H2 

__ _ 

0. 25-2 (Irrelevant  

6 * 0 

"2 

— 

0.25-2, Irrelevant  

g % 0 

dimethyl 

»2 

k/km  *v  1 

2-6  

6*0 

41 

maleate 

»2 

k/k_.-l 

3-6  

B % 0 

C3H8 

k/k— n.  1 

4 

B * 0.1 

cyclopropane 

H2 

k/kmy.  1 

1.6  

no  significant  effect 

111 

C2H4 

k/k.-v-l 

* 1 

" 

C3B6 

k/k— 0.8 

1 

M 

"2° 

B2 

__ 



B % 0 

lv 

*2° 

B2 

k not  known; 
^tot'  1 

2.4-13 , Irrelevant  

B values  not  calculated. 
Prom  the  data  8 * 0.43 
P 

48,49 

> „ constant 

tot 

7-34  .irrelevant  __ 

H 

•v  0.36 

• „ constant 

tot 

l-24.tr- 

temperature  depen- 

*  1.25 

r.l.v.nt 

dence  measured.  E 

...j  ■ 

r 

not  calculated. 


'r^sm 88WPT^: 


Table  I.  (contd),  pane  4 


System 

Inert 

k/k_ 

D 

AT 

Remarks  or  Concluslona 

Ref 

**2° 

He 

Ap-29;  Ak-15.  °-74  and 

maximum  range  constant 

pressure 

10,  each 
over 

670° 

P •1.0;  nominally,  one  of 

49,50 

range 

640° 

most  complete  studlea. 

3.4-12 

but  no  derivative  results 

0.7-7 

625° 

Ar 

4,10 

670° 

0p  • 0.1 

0.7,  7 

625° 

°2 

6 - 0.21 
P 

n2° 

Ne 

Ap  y 4, Irrelevant 

2 

v.rl.bl. 

6 - 0.44 

P 

51 

Ar 

Ap  ‘v  4,  irrelevant 

2 

6 • 0.18 

Kr 

Ap  *v  4, irrelevant 

2 

0P  - 0.24 

Xe 

Ap  4, irrelevant 

2 

Bp  " °*15 

Hg 

Ap  6;  Ak  * 3 

10 

465-670 

(Hg) less  than  E^O^O) 

but  catalysis  proposed. 

h2o 

p fixed 

5.5 

6 • 1.62 
P 

»2° 

product  a,  Nj+Oj 

— 

— 

93»,955°r 

E - 57,500  but  too  Inaccurate 
for  any  conclusion 

39 

n2° 

Ar 

APN70"25 

2,4 

6 declines  from  lower  to 

V 

2 

^ higher  press  where  0 *v  0 

"2 

2 



same  as  Ar 

C02 

2 

— 

6^  constant  with  press,  region 
8 (N,0)>8  <C0,)>6  (N. )>B  (Ar) 

p 2 p 2 p 2 p 

"2°5 

*2 

Ap-2800;  Ak-0 

15 

— 

B - 0 
P 

Vi 

N,°, 

Ar 

8*0 

vli 

2 5 

' 

— 

P 

Tabic  I.  (contd),  page  6 


System 

Inert 

k/k. 

D 

AT 

Remarks  or  Conclusions 

F2°2 

Decomp,  prods  1 

F2  * °2  J 

’ 

— 

— 

same  effic.  as  parent 

He 

22,45 

vo  u > 

l 

Ar 

7 

8 -0.25  1 

P 

Scatter  in  data 

N 

2 

Aptot'3-5 

7.5-150 

8 -0.15 

p 

no  evidence  for 

°2 

5.5-10 

0 -0.28  / 
p 

variation  of  6 

r2 

8 -0.22 
p 

, with  k or  D. 

C02 

— 

4-17 

— 

8 -0.30  > 
P 

1 

a)  6 Is  recorded  since  it  la  an  objective  magnitude,  whereas  $ depends  on  particular  choices  of  collision 

P cross-sections.  c 

b)  & always  signifies  a multiplication  factor,  in  this  table. 
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Table  II.  Averaged  Colllslonal  Efficiency  In  the  Second  Order  Region 


Table  V.  Relationships  of  Relative  Collisional  Efficiencies  at 


6 quantities 


Table  VI.  Collisional  efficiency  N0,C1  (476. 5°K;  <E  > - 377  cm 


these  comparisons. 


H 


t»l 

1 


e 

o ~ 
cr 


ft  OD  | 
O o 
*1  • 

• <r 

7 

0 w 

V 


T»! 

rt  »— ' 

•3  • 
ft  O 
0 ^ 


Tabic  IX.  Measured  and  Theoretical  Values  of  Collisional  Efficiency  for  He  at  Various  klkm  (245°) 


k/k_ 

0 

0.00$ 

0.01 

0.05 

0.10 

0.  SO 

0.77$ 

1.0 

B0.005/B0.775 

Wo 

Exptl 

(0.203)b 

0. 199 

0.194 

0.170 

0.1S4 

0.112 

0.096 

2.08 

EXP2 

0.196 

0.196 

0.19$ 

0.178 

0.168 

0.141 

0.133 

0.128 

1.47 

l.SS 

SLd 

0.200 

0.196 

0.190 

0.163 

0.149 

0.108 

0.092 

0.084 

2.13 

2.38 

a ) 

Data 

of  ref.  140 

b) 

Extrapolated  value 

c) 

<AE> 

. 400  cm*1; 

e’ 

= 0.90 

d) 

<AE> 

= 350  cm*1; 

e' 

: 0.80 

Table  VIII.  Some  collisional  efficiency  parameters 
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Table  X.  Inert  Gas  effects  in  Chemical  Activation  Systems 


System 

a 

Inert  Gas 

T(°K) 

b 

Method- 

B0<”)  <6E> 

Preferred  Model  Ref 

(kcal  mole  A) 

1.  butyl -2 (H*c is -butene ) 

cis-butene 

298 

SC.LP 

1.0  8.5 

SL  8 

! 

2.  but y 1- 2 (H» cis-butene ) 

He 

195 

SC.LP 

0.55 

2.1 

EXP 

7a 

Ne 

— 

-- 

Ar 

0.59 

2.1 

EXP 

Kr 

0.59 

2.0 

EXP 

cis-butene 

300 

1.0 

>,  9 

SL 

He 

0.35 

1.5 

EXP 

Ne 

0.40 

1.9 

EXP 

Ar 

0.41 

2.6 

EXP 

Kr 

0.46 

2.3 

EXP 

He 

373 

0.28 

1.5 

EXP 

Ne 

0.30 

1.7 

EXP 

Ar 

0.30 

2.0 

EXP 

Kr 

0.34 

2.3 

EXP 

3.  butyl" 2 (H+c is -butene) 

H2 

195 

SC.LP 

0.48 

1.3 

EXP 

7b 

»2 

0.48 

1.3 

EXP 

"2 

0.67 

2.7 

SL 

H2 

300 

0.30 

1.3 

EXP 

°2 

0.35 

1.3 

EXP 

f.- 

»2 

0.54 

2.7 

SL 

co2 

0.83 

4 

SL,EXP 

a)  Dilution  usually  close  to  infinite 

b)  SC,  single  channel;  MP,  multiple  channel;  LP,  low  pressure;  HP,  high  pressure;  AP,  all  pressure; 
Rec,  recombination  stabilization. 


Table  X.  (continued) 

-2- 

System 

Inert  Gas 

T(°K) 

Method 

60C-> 

<6E>  , 

Preferred  Model 

Ref 

(kcal  mole'1) 

3.  (continued) 

CH4 

0.73 

5 

SL.EXP 

CDjF 

0.75 

- 

CHjd 

0.82 

J-  7 

SL 

1.00 

i-  9 

SL 

H2 

373 

0.21 

1.0 

EXP 

°2 

0.27 

1.2 

EXP 

N2 

0.34 

2.0 

SL 

4.  butyl-2(H*trans-butene) 

He 

300 

SC, HP 

0.35 

1.25 

EXP 

(H+  butene- 1 ) 

He 

300 

0.36 

1.8 

EXP 

185 

5.  cyclopropane(C2Hl)*1CHj) 

c2h4 

298 

SC.LP 

— 

o 

O 

A 

SL 

186 

598 

i 10 

SL 

723 

J-  7 

SL 

dimethyl  cyclopropane 
(cis-butene*  1CH2> 

cis-butene 

298 

> 12° 

SL 

583 

» 12 

SL 

673 

* 10 

SL 

6.  C2H2D3(trans-C2H2D2*H) 

He 

195 

SC, HP 

0.37 

12 

• 

300 

0.26 

D2 

195 

0.52 

300 

0.38 

C„H.Jt>„(trans-C.,H.,D.,»H) 

»2 

300 

0.9 

c)  quoted  upper  limit  higher  than  value  cited  here. 


r 


Table  X.  (continued) 
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System 

7.  cyclopropane  (C^H^^CHj) 


8.  hexyl- 3 ( trans-hexene- 3+H 

9.  butyl- 2 (els -but ene+H) 


pentyl- 2 (pentene-l+H) 


hexyl- 2 (hexene -1  + H) 


octy 1 -2 (octene-l+H) 


:n**rt  Gas 

T(  ° K ) 

Method 

B 0 i — » 

CjH4 

298 

SC.LP 

l 

923 

S98 

723 

He 

298 

Ar 

N2 

) H2 

300 

MC.AP 

cf4 

h2 

300 

SC, HP 

0.21 

n2 

0.48 

0.81 

cf4 

1.0 

h2 

300 

SC,  HP 

0.22 

n2 

0.53 

CH 

0.81 

»* 

1.0 

H2 

300 

SC, HP 

0.22 

n2 

0.57 

ch4 

0.83 

cr4 

1.0 

H2 

300 

SC, HP 

0.27 

n2 

0.53 

ch4 

0.70 

cf4 

1.0 

<AE> 

, Preferred  Model 

Pef 

kcal  mole' 

1 > 

>10 

SL 

187 

12 

SL 

10 

SL 

7 

-- 

A,  4 

EXP 

6 

EXP 

6 

EXP 

1.2 

SL.EXP 

180 

> 4.6 

SL.EXP 

1.3 

SL 

184 

2.3 

SL 

4.3 

SL 

> 8.6 

SL 

approximately  same 
as  butyl-2  but  <AE> 
a little  larger 


approximately  same 
as  pentyl-2 

but  < AE>  a little  larger 


approximately  same 
as  for  hexyl-2 


-14- 

Table  X.  (continued) 


system 

Inert  Gas 

T(°K) 

Method 

v-> 

<AE> 

-1 

Preferred  Model 

Ref 

(kcal  mole 

) 

10.  3,3-dimethyl  hexyl-2 

H2 

300 

MC,AP 

— 

1.4  or 

1.1 

EXP  or  SL 

181 

(3,3-dimethyl  hexene-l+H) 

CF4 

4.6 

SL 

3-methyl  hexyl-2 

H2 

1.4  or 

1.1 

EXP  or  SL 

(3-nethyl  hexene-l*H) 

cf4 

4.6 

SL 

11.  1,2  dimethyl  cyclopropane 

cis-butene  300 

SC.LP 

11.4 

SL 

1 

(cis-butene+  ) 

CO 

4.6 

EXP 

12.  pentyl-2(pentene-l*H) 

H2 

298 

SC.LP 

0.2 

1.4 

EXP 

iid 

0.19 

1.15 

EXP;SL 

CH4 

0.58 

2.6 

SL 

0.67 

3.1 

SL 

cf4 

0.85 

4.6 

SL 

13.  2,4-dimethyl  pentyl-2 

»2 

298 

SC.LP 

1.5 

EXP 

183 

( 2 , 4-dimethyl  pentene-l*H)  D2 

2.2 

EXP 

cf4 

4.6 

SL 

- f2H4Cl2<CH2Cl*CH2Cl) 

Ar 

300 

SC.LP 

6 

SL  only  used 

iii 

N2 

6 

SL  only  used 

CHjCl 

10 

SL 

ch2ci2 

10 

SL 

cfm 

10 

SL 

< ,< "HjC1*CH2C1) 

CO 

300 

SC.LP 

6 

SL  only  used 

iv 

cyclo-C^Fg 

13 

SL 

« r»c«2r) 

c«2cir 

300 

SC.LP 

11 

SL 

V 

475 

11 

SL 

» • jfnmary  of  all  work  by  different  techniques  on  alkyl  radical 

Mj.  CH4  and  Cru. 

••iiiwwUMBlRgv^  


Table  X.  (continued) 
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System 

Inert  Gas 

T(°K) 

Method 

V"’  <AE> 

, Preferred  Model 

(kcal  mole 

_1) 

17. 

C2H^C12(CH2C1*CH2C1) 

He 

300 

SC.LP 

1.4 

EXP 

Ne 

2.9 

EXP 

CO 

4 

SL 

CHad 

6 

SL 

16. 

C2DliCl2(CHD2Cl*CHD2Cl) 

He 

300 

SC.LP 

1.4 

EXP 

Ne 

2.9 

EXP 

CO 

4 

SL 

cd3ci 

6 

SL 

19. 

c2h4ci2(ch2ci*ch2cd 

Ar 

300 

SC.LP 

4.0 

EXP 

Kr 

4.0 

EXP 

Xe 

5.0 

SL 

n2 

4.0 

SL 

SF6 

7.0 

SL 

cf4 

♦v  5 

C4F8 

12 

SL 

20. 

CH3CF3(CH3+CH3> 

C2F6 

300 

SC.LP 

7 

SL 

cf3n2ch3 

7 

SL 

cyclo-C,,  Fg 

7 

SL 

a*c6ri4 

10 

SL 

i'C8F16 

10 

SL 

21 

■ CH3Cr3(CH3*CF3) 

h2 

196 

SC.LP 

1.5 

EXP 

N2 

1.0 

EXP 

co2 

2.0 

EXP 

Table  X.  (continued) 
System 

Inert  Gas  T(° 

JO 

-6- 

Method 

60(")  <AE> 

, Preferred 

Model 

(kcal  mole 

21.  (continued) 

SF6 

7.0 

SL 

C2F6 

6.0 

SL 

He  300 

1.0 

EXP 

Ne 

1.0 

EXP 

At 

0.8 

EXP 

Kr 

0.8 

EXP 

Xe 

1.0 

EXP 

H2 

1.5 

EXP 

°2 

1.0 

EXP 

N2 

1.8 

EXP 

C02 

2.0 

EXP 

CH4 

3.0 

EXP 

ch3ci 

4.0 

EXP 

CF4 

8.0 

SL 

*F6 

6.0 

SL 

C2F6 

6.0 

SL 

CH3COCH3 

8.0 

SL 

CF3COCF3 

8.0 

SL 

22.  C2Hsr(CH3.CH2F) 

ch4 

303 

SC. HP 

2.8 

SL  only 

used 

CH3F 

313 

8 

ch2co 

313 

8 

N2 

318 

1* 

N2 

363 

1.78 

N1 

433 

2 

M2 

808 

4 

"2 

887 

8 

e.  Temperature  dependence  of  <AC>  for  N2  believ*j  suspect. 


P.ef 

191 

191 

vi 


vii 


189 


Ref 


viii 
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Table  X.  (continued) 
System 

23.  C2H5F(CH3*CH2F) 

24.  C2H4F2(2CH3F) 

25.  CH3CF3(CH3*CF3) 


26.  N02(04N0) 


f)  Values  relative 

Table  X.  (continued) 
System 

26.  (continued) 


27.  N03(0*N02) 


ft  ( <* ) 

Inert  Gas  T(°K)  Method  0 <AE>  , Preferred  Model  Pef 

(kcal  mole’1) 


He 

300 

SC, UP 

0.8 

EXP 

N2 

3 

SL 

CO, 

3 

SL 

SF6 

7 

SL 

He 

300 

SC.LP 

1 

EXP 

N2 

3 

SL 

co2 

3 

SL 

SF6 

7 

SL 

C2F6 

307 

SC.LP 

4.0 

SL  only 

C2F5H 

6.3 

CFjCI-Hj 

4.0 

(CF,H)j 

5.2 

cf3ch3 

4.0 

CFjHCFH, 

4.0 

cf,hch3 

4.0 

cfh2ch3 

4.0 

He 

295 

Rec.LP  0.33f 

Ne 

0.43 

At 

0.64 

CO 

0.61 

n2 

( -4  0.  50) 

c°2 

0.83 

x 


190 


to  Nj  as  basis 


Inert  Jas 


T(°K)  Method 


6o(-) 


< AE> 


Preferred  Model  Ref 


(kcal  mole  ) 


ch4 

0.72 

ch6 

0.58 

£ -C3»6 

0.67 

C3F8 

1.07 

SF6 

0.83 

!°-C5H12 

0.68 

•dimethyl  butane 

0.68 

•propyl  bromide 

0.84 

He  295 

Rec  0.23* 

Ne 

0.31 

Ar 

0.33 

CO 

0.47 

N2 

(0.24) 

CO, 

0.63 

O 

X 

r | 

0.62 

C2H6 

0.64 

C3H8 

0.54 

£*C3H6 

0.76 

CF4 

1.05 

C2F6 

1.02 

C3F8 

1.70 

SFS 

0.86 

s°-C5H17 

0.89 

190 


Table  X.  (continued) 
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System 

27.  (continued) 


28.  INO ( I ♦NO ) 


29.  IN02(I*N02) 


>rt  r.ds  T< 

° K ) 

Method 

V' 

:hyl  butane 

0.93 

. butane 

l.«3 

'1  bromide 

0.68 

He 

330 

Rec 

0.19 

Ne 

0.44 

Ar 

0.45 

Kr 

0.52 

Xe 

0.49 

H2 

0.18 

»2 

0. 65 

CO 

0.50 

CH4 

0.59 

He 

330 

0.22 

Ne 

0.42 

At 

0.42 

Kr 

0.42 

Xe 

0.49 

H2 

0.18 

*>2 

0.20 

*2 

0.47 

CO 

0.49 

°2 

0.56 

N2° 

0.63 

C°2 

0.63 

CH4 

0.45 

C2»4 

0.58 

1AE>  _ . Preferred  Model 
(kcal  mole"1) 


Ref 


xi 
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Table  X.  (continued) 


System 

Inert  Gas 

T(°K) 

Method 

80(-> 

<&E>  _. 

Preferred  Model 

Ref 

(Kcal  mole”' 

l> 

29.  (continued) 

SF6 

0.58 

C2F6 

0.58 

30.  methyl  cyclopropane ( CjHg* 1 

ch2)  c3h6 

291 

SC 

— 

1.5 

SL  only 

xii 

31.  methyl  cyclobutane(c-C^Hg* 

)c-C4He 

298 

SC.LP 

•v.  5 

SL  only 

xiii 

32.  C2H5(H*C2H4) 

He 

298 

Rec.LP 

0.28 

xiv 

Ne 

0.39 

Ar 

0.39 

Kr 

0.  35 

H2 

0.1 

N2 

0.28 

% 

SF6 

(1.00) 

V. 

33.  C1F5(C1F4«T) 

He 

303 

SC, HP 

n 

0.18 

XV 

N2 

0.22 

F2 

(1.0) 

C1Fs 

0.4 

3 j.(a)  spiropentane(methylene 

- CV£‘C3H6 

300* 

SC,LP 

7.2 

SL  only 

xvi 

cyclopropane  ♦ CHj) 

g)  Not  specified;  approximately  room  temperature 

h)  efficiency  on  a pressure  basis 
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Table  X.  (continued) 
System 

Inert  Gas 

T(°K) 

Method 

V-’  <AE>  . 

Preferred 

Model 

Ref 

(Real  mole  1 ) 

34. (a)  c-C4H7T(c-C4H8*T*) 

Ne 

-V  300g 

SC, HP 

0.32 

SL  only 

used 

194a 

CF4 

1.05 

-~C4H8 

(1.00) 

(b)  c-C4H7T(c-C4H8tT*> 

He 

'v  300 

SC, HP 

0.14 

194b 

Ne 

0.23 

Ar 

0.24 

Kr 

0.31 

Xe 

0.39 

N2 

0.40 

12- 


Table  X.  (continued) 

System 

Inert  Gas 

T(°K) 

Method 

B0(")  <6E>  , 

Preferred 

Model 

Ref 

35.  C4H8+(CjH4++C2H4) 

Ne 

•v  300g 

HC 

(Real  mole  A) 
< 0.7 

SL  only 

used 

196a 

C2«4 

i 2.0 

36.  C4H4F4(CjF2Hj*C2F2H2) 

He 

300 

Rec.LP 

i 

0.14 

197 

Ne 

0.19 

Ar 

0.39 

Kr 

0.45 

Xe 

.48 

N2 

.40 

CO 

.42 

CF2CH2 

(1.00) 

37.  c12h;2(c6h;4c6h6) 

He 

300 

Rec ,LP 

0.0331 

197 

Ne 

0.0 

Ar 

0.058 

Kr 

0.09 

Xe 

0.13 

C6H6 

(1.00) 

38.  csh;(c3h;*c2h4> 

He 

373 

Rec.LP 

0.191 

198 

Ne 

0.21 

Ar 

0.24 

Kr 

0.19 

H2 

0.17 

1)  Relative  values  based  on  parent  molecule  set  at  unity. 


xvi)  H.  M.  Frey,  G.  E.  Jackson,  R.  A.  Smith  and  R.  Walsh,  J.C.S.  Fara 
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.1 


38.  (continued) 


0.22 

0.33 

0.33 

0.53 

0.62 

0.57 

0.58 

0.76 

0.57 

0.71 

0.83 

(1.00) 

1.02 

0.98 
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Table  XII.  Illustration  of  Variation  of  <E  > and  $ with  Temperature 
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o o o o o 
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o 
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o o o o 


X X X X X 
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© 
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rH  rH  rH  CM  CM 
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O O O 
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CMNCMTC* 
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o 
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H cm  in  o o o 

H CM  T 


o o o o o 
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o o o o 
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17  Plots  of  80(«)  vs.  boiling  point 


(•t'un  4iOJi>qjo)  rn  601 


AO-A031  107  WASHINGTON  UNIV  SEATTLE  PCRT  OF  CHEMISTRY  F/6  20/8 

INTERMOLECULAR  VIBRATIONAL  ENERGY  TRANSFER  IN  THERMAL  UNIMOLECU— ETC  (U> 
OCT  76  DC  TARDY » B S RA8IN0VITCH  N0001W-75-C-0690 

NR092-569-TR03  NL 


UNCLASSIFIED 


tl  **u 


81 


FI*.  19  Fig.  20 
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